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OPTICAL ARRANGEMENT FOR PERFORMING
NULL TESTING OF ASPHERIC SURFACES
INCLUDING REFLECTIVE/DIFFRACTIVE

| OPTICS

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention generally relates to an im-
proved optical arrangement for performing traceable
null testing of aspheric surfaces and, in particular, re-
lates to one such arrangement using reflective/diffrac-
tive optics.

2. Description of the Prior Art

Prior art arrangements of null testing optical compo-
nents have included the use of refractive null lenses.
‘The use of such lenses in a null testing optical arrange-

ment results in a null testing system which is difficult to

qualify because accurate knowledge of all of the lens
construction parameters, such as radius of curvature,
thickness, centering, surface form, material refractive

index and homogeneity, is needed. The use of refracting
null lenses in null testing optical arrangements also re-
quires that the refractive lens be made from a good

specimen of optical glass having well known optical
properties.

The use of a diamond turned (kinoform) reflective/-
diffractive null optical component in the arrangement
of the present invention overcomes the above identified
problems associated with the qualification of the refrac-
tive lens null optical component used in prior art null
testing optical arrangements. Also, the improved null
testing optical arrangement of the present invention
avoids the use of optical materials in the transmission of
light and allows the diffractive null testing technique to
be immune to homogeneity variations.

Consequently, it 1s highly desirable to provide an
improved null test optical arrangement that overcomes
the above recited drawbacks of the prior art null testing
optical arrangements using conventional null testing
components.

SUMMARY OF THE INVENTION

The present invention contemplates an improved null
testing optical arrangement for measuring aspheric sur-
faces. The improved null testing optical arrangement
includes a reflective/diffractive (kinoform) optic hav-
ing a first surface, a second surface that is both reflec-
tive and diffractive, and an aperture between the first
and second surfaces. The improved null testing optical
arrangement also includes a light transmitting/receiv-
ing means positioned adjacent to the first side of the
reflective/diffractive (kinoform) optic and proximal to
the aperture. The improved null testing optical arrange-
ment further includes an interferometer positioned
proximal to the light transmitting/receiving means so as
to transmit light to the light transmitting/receiving
means. The interferometer initiates a test light wave-
front and analyzes a return light wavefront received by
the light transmitting/receiving means from the reflec-
tive/diffractive (kinoform) optic and aspheric optic
work piece.

The present invention also contemplates a method for
null testing an optical work piece having an aspheric
surface thereon with the improved reflective/diffrac-
tive null testing optical arrangement. The method com-
prises positioning the reflective/diffractive optic a pre-
determined distance from the aspheric surface of the

2

optical work piece, wherein the second surface of the
reflective/diffractive optic is oriented so as to face the
aspheric surface of the optical work piece. Light is
transmitted from the interferometer towards the light
transmitting/receiving means. The light received by the
transmitting/receiving means is passed through the
aperture towards the aspheric optical work piece to
cause the light to be reflected by the aspheric surface of

~ the aspheric optical work piece onto the second surface
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of the reflective/diffractive (kinoform) optic. The light
1s further reflected by the second surface of the refiec-
tive/diffractive (kinoform) optic onto the aspheric sur-
face of the optical work piece. The light is finally re-
flected by the aspheric surface of the optical work piece
through the aperture and onto the light transmission/-
receiving means. The light is finally transmitted by the
light transmission/receiving means to the interferome-
ter where the interference pattern of the muitiple re-
flected light is analyzed.

Accordingly it is one object of the present invention
to provide an improved null testing optical arrangement
for performing traceable null testing of aspheric sur-
faces.

Another object of the present invention is to provide
a method for traceable null testing of an aspheric sur-
face.

These objects are accomplished, at least in part, by an
improved optical arrangement for performing traceable
null testing of aspheric surfaces using reflective/diffrac-
tive optics. '

Other objects and advantages of the present invention
will become apparent to those skilled in the art from the
following detailed description read in conjunction with
the attached drawings and claims appended hereto.

BRIEF DESCRIPTION OF THE DRAWINGS

The drawings, not drawn to scale, include:

FIG. 11s a schematic diagram illustrating the use of a
refractive lens null optical component in a prior art null
testing optical arrangement to test a concave mirror;

F1G. 2 1s a schematic diagram illustrating the use of a
plane aluminum reflective surface null optical compo-
nent in a prior art null testing optical arrangement to
test the same concave mirror;

FIG. 3 i1s a graph of a typical wavefront error for the
concave mirror as tested by the prior art null testing
arrangements illustrated in FIGS. 1 and 2;

FI1G. 4 1s a schematic diagram Hlustrating the use of a
diamond turned reflective/diffractive (kinoform) opti-
cal component in the null testing optical arrangement
embodying the principles of the present invention;

FIG. 5 i1s a graph of residual wavefront error
achieved with the reflective/diffractive null testing
optical arrangement of FIG. 4.

FIG. 6 1s a view of the reflective/diffractive second
side of the reflective/diffractive null optic;

FIG. 7 is a view of a section (not to scale) of the
reflective/diffractive null optic illustrating the diffrac-
tion grating turned therein.

FIG. 8 1s a sectional view of FIG. 7, illustrating a
typical profile for the diffraction grating.

DETAILED DESCRIPTION OF THE
INVENTION

F1G. 1 1illustrates the use of a refractive lens 10 null
optic in a prior art null testing optical arrangement 12
for testing the surface of concave mirror 14. FIG. 2
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illustrates the use of a plane reflective mirror 16 null
optic having an aperture 17 in another prior art null
testing optical arrangement 18 for testing the surface of
concave mirror 14. With the prior art null testing opti-
cal arrangements shown in FIGS. 1 and 2, null testing is
typically performed by constructing the optical system
to be tested within the system’s design tolerances fol-
‘lowed by testing the system with a commercial interfer-
ometer. A typical wavefront aberration for concave
mirror 14 for light at a wave length of 633 nm is shown
graphically in terms of wavefront aberration (waves)
versus pupil radius (inches) in FIG. 3.

Referring to FIGS. 4, 6, 7 and 8, the arrangement 22
of the present invention includes a reflective/diffractive
null optic 24 having a first surface 28, a reflective/dif-
fractive disposed on a second surface 30 thereof, and an
aperture 32 therebetween where light from a light
source can pass through. FIGS. 6, 7 and 8 illustrate a
portion 33 of a diffraction pattern 35 of the reflective/-
diffractive surface 30 that comprises a series of concen-
tric facet surfaces 37. In a preferred embodiment, the
null optic 24 is made from aluminum and the concentric
facet surfaces 37 are formed by well known diamond
cutting apparatus and techniques. As will be appreci-
ated by those skilled in the art, other reflective materials
may be used without departing from the scope of the
present invention.

In another preferred embodiment, the aperture 32 is
substantially central in the surfaces, 28 and 30. While
the aperture 32 need only be a size convenient to admit
light therethrough, the aperture should be kept small
because a portion of the test pattern is lost by the aper-
ture. In practice, an aperture 32 approximately 5 mm in
diameter has been found to perform satisfactorily.

As shown 1n FIG. 4, the arrangement 22 of the pres-
ent mvention also includes an interferometer 42 and a
light transmitter/receiver 44. Any well known com-
- mercial interferometer may be used as the interferome-
ter 42 and the light transmitter/receiver 44 may be any
well known apparatus for transmitting light such as a
highly corrected lens supplied with a commercial inter-
ferometer or a light transmission sphere. The arrange-
ment 22 also includes a wavefront analyzer 46. A com-
mercially available computer may be used as the wave-
front analyzer 46. - |

Now referring to FIG. 4, the reflective/diffractive
optic 24 i1s used in the null testing arrangement 22 of the
present invention by positioning the optic 24 in front of
the concave mirror 14 to be tested so that the second
surface 30 having the diamond turned diffraction pat-
tern thereon faces the reflective surface 36 of concave
mirror 14. The optic 24 is positioned at its design dis-
tance d from the reflective surface 38 of the concave
test mirror 14. The design distance d is in the vicinity of
the focus of the test mirror. The interferometer 42 and
light transmitter/receiver 44 are positioned adjacent to

the first surface 28 of the optic 24. A light wavefront

from the interferometer 42 is focused through the light
transmitter/receiver 44 so that it passes the light wave-
front through the aperture 32. The light wavefront
passing through the aperture 32 is initially reflected off
of the concave test mirror 14 onto the reflective/dif-
fractive surface 30 of the reflective/diffractive optic 24.
The wavefront is then reflected by the reflective/dif-
fractive surface 30 back onto the concave mirror 14
where a second reflection causes the light wavefront to
pass back through aperture 32, through the light trans-
mitter/receiver 44 and through the interferometer 42.
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4

The mirror 14 is characterized by analyzing the wave-
front of the light returning through the interferometer
42 with analyzer 46.

The reflection of the wavefront from the reflective/-
diffractive surface 30 of optic 24 generates a reference
wavefront that can be completely characterized by
measuring the diameters of diffractive rings on the sec-
ond surface of the optic 24. This reference wavefront
allows the reflective surface 36 of mirror 14 to be ana-
lyzed because the diffraction pattern on the reflective/-
diffractive surface 30 of optic 24 cancels the aspheric
components of the wavefront thus allowing analysis by
the interferometer 42.

FIG. 5 graphically illustrates a residual wavefront
aberration in terms of wavefront aberration (waves)
versus pupil radius (inches) of the aperture 32 of optic
24 typically measured with the null testing optical ar-
rangement 22 of the present invention with light at a
wavelength of 633 nm.

Thus, with the present invention now fully described,
it can be seen that the objectives set forth above are
efficiently attained and since certain changes may be
made in the above-described device without departing
from the spirit and scope of the invention, it is intended
that all matter contained in the above description or
shown in the accompanying drawings shall be inter-
preted as illustrative and not in a limiting sense. Hence
the present invention is deemed limited only by the
appended claims and the reasonable interpretation
thereof.

What is claimed is: |

1. An improved null testing optical arrangement for
measuring an aspheric surface of an optical work piece,
the arrangement comprising;:

a reflective/diffractive (kinoform) optic having a first
surface, a second surface and an aperture therebe-
tween, wherein the second surface is reflective and
includes a diffraction pattern therein said diffrac-
tion pattern including a series of concentric facet
surfaces;

means for transmitting/receiving light, the means
being positioned adjacent to the first surface of the
reflective/diffractive (kinoform) optic proximal to
the aperture to transmit and receive light through
the aperture; and

an interferometer, the interferometer being posi-
tioned adjacent to the light transmitting/receiving
means to transmit light to the light transmitting-
/receiving means and to receive light from the
light transmitting/receiving means.

2. The improved null testing optical arrangement as
described in claim 1, wherein the first and second sur-
faces are opposing each other.

3. The improved null testing optical arrangement as
described in claim 1, wherein the optic is aluminum.

4. The improved null testing optical arrangement as
described in claim 1, wherein the light transmitting
means 1s a highly corrected lens.

S. The improved null testing optical arrangement as
described in claim 1, wherein the light transmitting
means 1S a transmission sphere.

6. The improved null testing optical arrangement as
described in claim 1, wherein the aperture is substan-
tially central in the first and second surfaces.

7. A method for null testing an optical work piece
having an aspheric surface thereon with an improved
reflective/diffractive null testing optical arrangement,
the method comprising: |
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positioning a reflective/diffractive optic having a
first surface, a reflective/diffractive second sur-
face, the second surface being reflective and in-
cluding a diffraction pattern therein, said diffrac-
tion pattern including a series of concentric facet
surfaces, a predetermined distance from the

aspheric surface of the optical work piece, wherein |

the second surface of the reflective/diffractive
optic 1s oriented to face the aspheric surface of the
optical work piece; .
transmitting light from an interferometer towards a
means for transmitting/receiving light such that
light from the light transmitting/receiving means
passes through the aperture towards the aspheric
optical work piece such that;
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6

the hight 1s first reflected by the aspheric surface of

the aspheric optical work piece onto the second
surface of the reflective/diffractive (kinoform)
optic,
the light is then reflected by the second surface of
the reflective/diffractive optic back onto the
aspheric surface of the optical work piece, and
the light 1s finally reflected by the aspheric surface
of the optical work piece through the aperture
and onto the light transmitting/receiving means;
transmitting the light received by the light trans-
mitting/receiving means from the aspheric opti-
cal work piece to the interferometer; and
analyzing the interference pattern of light received
by the interferometer from the light transmit-

ting/receiving means with an analyzer.
x * X *k Xk
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